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RESISTIVITY, INDUCED POLARIZATION, AND SPONTANEOUS POTENTIAL
STUDY OF PART OF THE CALVIN 28 OIL FIELD,
CASS COUNTY MICHIGAN
Eric M. Larsen, M.S.
Western Michigan University, 2005

Some hydrocarbon reservoirs have a documented reducing chimney, extending upward to
the surface due to diffusion of hydrocarbon volatiles. This effect reportedly reduces the iron in the
soil to magnetite and precipitates fine-grained pyrite if there is sufficient sulfur in the system.
This study was conducted to test the detectability of the hypothetical chimney, using electrical
geophysics in an environment of relatively recent glacial cover, known depth to an underlying
petroleum reservoir, and known faulting.
The Calvin 28 oil field, in Cass County Michigan, is a middle Devonian domal field
where reservoir rocks are draped over the central uplift block of an Ordovician impact structure
with the outer crater diameter of about 4.5 km. A diffusion chimney should be detectable using
induced polarization (IP), spontaneous potential (SP), and resistivity surveys. Ring fractures and
faults can serve as permeable pathways and have been proven to yield enhanced halo effects.
These effects can be detected and could result in important, less expensive exploration
techniques. Results show possible evidence for a reducing zone and subtle spontaneous potential
anomalies, supporting the hypothesis of a chimney model at Calvin 28 oil field. The recent
deposition of a thick glacial overburden could be the cause of the weak SP anomalies. Induced
polarization, though surveyed over a very small portion of the study area, did not show direct
evidence of anomalous chargeability areas in the profile. Resistivity and VES inversion results
show variations within the glacial cover near the center of the study area.
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CHAPTER 1
INTRODUCTION
A great deal of research has been done on surface or near-surface indicators of deep
hydrocarbon reservoirs. The basis for these efforts to develop geochemical, isotopic, and
geophysical exploration techniques is the hydrocarbon diffusion, microseepage, or chimney
model. This model includes slow diffusion of the more volatile hydrocarbon phases upwards
from the reservoir. In addition, there may be more rapid upward motion in faults and joints. Pre
existing iron in the chimney rocks may be reduced to disseminated magnetite. Alternatively, if
sulfur is present in the chimney rocks, the iron may be precipitated as disseminated pyrite.
Mineralization of the hydrocarbons may result in formation of bicarbonates and ultimately
secondary calcite (Sternberg, 1991).
Direct detection of the hydrocarbon volatiles in soil gas has been used extensively
(Tedesco, 1955) for prospecting. Carbon isotopes from the epigenetic deposition of calcite in
surface rocks has been used for detection of the petroleum trap below by Donovan, et al (1974).
Numerous attempts have been made to use the weak magnetic anomalies due to secondary
magnetite deposition (Foote, 1996; Eventov, 2000), although this has often been confounded by
well-casing and pipeline effects. Sternberg (1991) described the use of induced polarization and
resistivity in the search for disseminated pyrite. Of 54 sites tested, only about 10% showed
unequivocal positive results, implying that most chimneys lacked sulfur, were dislocated laterally
from the underlying source, or that the volume of pyrite precipitated was insufficient to generate
IP anomalies above the noise threshold. Menezes and Morais (2003) used the Time-Domain
ElectroMagnetic (TDEM) technique at 49 locations over three known qil fields in the Sergipe-

Alagoas basin of eastern Brazil. They reported correlation of resistivity lows with the oil fields.
This basin has had the presence of epigenetic pyrite in shallow sediments previously confirmed
by PETROBRAS.
Thus, there is an extensive history of the use of soil gas geochemistry, isotope
geochemistry, magnetic methods, EM methods, Induced Polarization (IP) methods, and resistivity
in attempts to locate hidden hydrocarbon deposits, using the reducing chimney hypothesis as a
working model. However, mention of the use of the Spontaneous Potential (SP) method in this
application is very rare. Frasheri (2002) described SP anomalies over oil fields in Albania.
Chinese-language publications refer to use of SP in that country (Yingjun and Xuben, 1991)
Objectives
There are several objectives that were attempted in this area using electrical geophysical
methods. First, to use the Spontaneous Potential method to test the model of the reducing
chimney formed from upward diffusing petroleum hydrocarbons (Corry, 1985). If there is a
chemically reduced zone with disseminated pyrite, as a result of the effect of migrating petroleum
hydrocarbons reacting with iron in the soil, these areas above a shallow reservoir should show
more negative values of electric potential when compared to areas outside of this zone.
Spontaneous potential has been indicated as a possible method of detecting this effect outside of
North America (Frasheri, 2002 and Yingjun and Xuben, 1991). Secondarily, the Induced
Polarization / resistivity method were to be tested over the same oil field in �ore limited area.
Finally, this was to test the chimney model in a region that had a thick glacial drift layer
emplaced during the most recent continental glaciation.
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Location
The Calvin 28 oil field is located in Southwest Michigan, about 1.4 km south ofthe
village ofCalvin Center (Figures 1 and 2), located at sections 27, 28, 29, 32, 33, and 34 in
T l 4W, R7S ofCass County. The study area can be found in the Adamsville 7.5 minute USGS
topographic quadrangle (Figure 3). The field is located around the flanks ofthe domal structure
resulting from the resurgent central peak uplift of the impact crater. Profile lines were drawn
from the Hawkes- Adams 1-28 (HA-1-28) well, located at the approximate center ofthe circular
structure. Coordinates are labeled using an arbitrary (0 meters N,0 meters E) point, located at the
intersection ofthe boundary between sections 32, 29, and Lamb Road (see Figure 3). This point is
40 meters south ofthe West end ofLine 1. Figure 1 also shows the location ofother wells in
Cass County, as well as the location ofthe Hawkes Adams 1-28 (HA-1-28) well with respect to
the central uplift block. This oil field was chosen because it is less than an hour's drive from
Kalamazoo, it has a well-defined and limited area, it is a shallow reservoir, the operator ofthe
field (Mr. T. Kuhn) is very supportive, and access is relatively easy via public roads and the fields
ofcooperative farmers. Figure 3 is a topographic map that also shows the wooded and field
portions ofthe area used in this study.
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Figure 1. Map of Southwestern Michigan Showing Some Oil Wells and the Location of the
Calvin Impact Crater (after Milstein, 1994).
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Figure 2. Location Map of Study Area Showing Oil Well Locations (after Milstein, 1994).
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Figure 3. Map of All Survey Lines (from www.topozone.com; black lines are SP, red line (I) is
SP, IP, and resistivity).
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CHAPTER2
GEOLOGY OF THE CALVIN 28 OIL FIELD
The Calvin 28 field is located in the southwest corner of Michigan, about 8 km north of
the Indiana border. Geographically, the field is located in the Southwestern flank of the Michigan
Basin. Southwest Michigan is located in the Central Basement Province of Michigan, containing
a basement composition of granite, mafic, and felsic gneisses (Kellogg 1971). Oil was first
discovered in this field in the 1980s, and it was first believed that oil production could only be
obtained from the flanks of the structural dome at depths of around 860 ft (262m) (Harrison,
1998, p. 9). The HA 1-28 test well shows that the center of the structure also contains petroleum
hydrocarbons at depth, with oil reserves found as deep as 864 ft (264m) (Harrison, 1998, p. 13).
The only producing formation is the Traverse Limestone, with a depth to hydrocarbons at about
864 ft in the center of the structure (see Figure 4) (Harrison, 1998, p. 14).
The field itself is located at a buried impact site, dating back to the late Ordovician,
making it an interesting geologic feature of Michigan. The surface topography of Calvin
Township is rolling glacial terrain, with Quaternary glacial drift ranging from 62 - 140 meters
(203 - 459 ft.) in the study area. The oil field is located on a structural dome, a draped reservoir
with some reactivated faults originating from the impact (see Figure 4). The Traverse could have
been formed as a result of a higher energy system near the shore, resulting in increased porosity.
This formation contains the highest concentrations of oil deposits, accounting for all of the
production from the field. Depth from surface to the Traverse Formation at the Calvin 28 oil field
ranges from 668 ft - 842 ft (203 - 257m) (Harrison, 1998). This limestone was most likely
deposited in an area of higher energy, resulting in a limestone that is coarse grained and higher in
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Figure 4. Structure Map on the Devonian Traverse Limestone Formation (contours, in
meters, are relative to mean sea level; after Milstein, 1994).
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porosity. The good porosity ofthe Traverse formation, the meteor impact resulting in local
faulting, and the sequence ofstratigraphy, has made the Calvin 28 oil field a relatively small
producer in Michigan with an estimated 750,000 barrels ofrecoverable oil (Harrison oral
communication, 2005).
Local Stratigraphy
The Calvin 28 field is underlain by a PreCambrian basement consisting ofgranites, mafic
and felsic gneiss, extrusives, and metasediments (Kellogg, 1971), as displayed in Table 1.
Overlying the basement are Paleozoic sedimentary rocks. These Paleozoic sedimentary rocks are
Mt. Simon Sandstone, Eau Claire, Dresbach, Franconia, and Trempealeau Formation, all
Cambrian in age. Overlying these formations are the Praire du Chien Group, St. Peter Sandstone,
Glenwood Shale, Black River group, Trenton Formations, Utica Shale, and Cincinnatian Series.
These formations are all Ordovician in age. The overlying Silurian formations are the Cataract
Group consisting ofthe Manitoulin Dolomite and the Cabot Head Shale, the Clinton Formation,
Niagaran Series, Salina Series and the Bass Island Group. Above these formations, the Sylvania
Sandstone, Detroit River Group, Dundee Limestone, Traverse Group consisting ofthe Bell Shale,
Traverse Limestone, and finally the Traverse Formation. The Traverse Group has a varying
thickness of 100-875 ft (30 - 268m) (Henderson, 1988). The Antrim Shale is the top formation of
the Devonian sedimentary rocks. The Coldwater Shale ofthe early Mississippian directly
underlies the surficial glacial drift (Suh, 1985, p. 7-10). Like most ofMichigan, the surface
sediments are Quaternary glacial drift, ranging in thickness from 62 - 140 meters in thickness
within the study area. Surface topography consists ofgently rolling glacial terrain, with
elevations ranging from 820 ft (above sea level), to 950 ft locally.
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Table 1
Local Stratigraphy for the Study Area
Formation

Age

Glacial Drift

Pleistocene

Coldwater Shale

Mississippian

Antrim Shale
Traverse Formation
Traverse Limestone
Dundee Limestone
Detroit
Sylvania

Devonian

Niagaran Series
Clinton
Cabot Head Shale
Manitoulin Dolomite

Silurian

Cincinnatian Series
Utica Shale
Trenton Formati-OB-...
Black River Group
Glenwood Shale
St. Peter Sandstone
Praire Du Chien

Ordovician

Trempealeau Formation
Franeonia Sandstone
Dresbach Sandstone
Eau Claire
Mt. Simon

Cambrian

Source: Horton (198.7), p. 5.
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Local Structure and Morphology
The field itself is confined by an Ordovician impact crater, which after sedimentation,
isostatic rebound, and faulting, confirmed from core data taken from the HA-1-28 well (Harrison,
1998, p, 15; Suh, 1985 and Milstein, 1994), forms a structural dome (Figure 4). The center of the
structure consists of a central uplift block with an approximate diameter of 2.4 km, within an
outer rim, approximately 4.6 km in diameter (Figure 4).
The Traverse Limestone Formation is present throughout the region. In the study area it
is bound by the Antrim Shale above. The Traverse Limestone Formation is part of the Middle
Devonian Traverse group, and the producing strata at the Calvin 28 oil field.
Oil deposits located within this formation were prominent above the outer rim of the
structure as well as those already described in the center of the structure (Harrison, 1998, p. 17).
The central area of the oil field contains the central uplift block of the impact and is dome shaped,
about 7.4 km in diameter. The central uplift was recorded to have started stratigraphically, during
deposition of the Utica Shale Formation, after the impact, and based on evidence obtained
through stratagraphic correlations of the well logs in surrounding areas (Milstein, 1994, p. 11).
Evidence of the uplift and the intersection of several major fault lines are present in the core data
taken from the HA-1-28 test well (Milstein, 1994, p. 11), which is located at the Western
Michigan University Core Laboratory. Core data from the HA-1-28 show evidence of about
1,200 ft (366m) of Late Ordovician sedimentary rocks missing from the HA-28 test well. This
well is located near the center of the impact structure, and is not currently producing. About three
quarters of a mile to the northwest, the Lawson No. 1 test well has a complete Ordovician section.
The Trempealeau Formation was also structurally higher in the HA-28 test well by about 1,000 ft
(305m), compared to the Lawson No.1 test well (Suh, 1985). This core data suggests that the HA,
1-28 well is located in the center of the central uplift area, with post-impact faulting occurring as
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a result of isostatic rebounding and recurrent movement along existing faults during the
deposition of the Utica Shale.
From core data and log correlations of the data, it is logical to assume that major faulting
occurred during the deposition of the Utica Shale. All strata above the Utica Shale are
structurally uplifted approximately 1000 ft (305m) in the center of the impact structure relative to
the outer rim (Suh, 1985). Below the Utica Shale there is no such discrepancy in the log
correlation or core data.
It was only recently that this location was proven to be an impact site. Wilshire and
Howard (1968) believed it to be a "crypto-explosive" structure, a structure of unknown origin
with characteristics of an explosive impact. After the Calvin 28 field started producing oil,
investigations started regarding the possibility of a meteorite impact site, as there was little
evidence to explain the large uplift in the center of the structure (DeHaas, 1983). Several thin
sections of shocked quartz from the Calvin 28 oil field were produced from cuttings of test wells
Smith No. 1-20 at depths of 548 m and 579 m, as well as the Lawson No. 1 test well at a depth of
579 m (Milstein, 1994). Evidence of an impact was obtained from these samples, and the age of
the impact structure can be inferred from the depths of the samples to be Ordovician in age.
Evidence of an impact was obtained from these samples, and the age of the impact structure can
be inferred from the depths of these samples to be Ordovician in age. Evidence of an impact is
not only found in fractured and striated quartz grains, but also in the rhombohedral cleavage the
shocked quartz grains contain. This cleavage is also found at other impact sites, including an
impact also estimated to be Ordovician in age, in Decaturville, Missouri (Milstein, 1994).
The Calvin 28 Oil field impact crater is roughly circular in shape. The buried crater
contains a central uplifted block in the center of the structure, a circular depressed ring around the
central uplifted block, and an outer rim area (see Figure 4).
The depression of the impact crater itself is about 4.6 km wide, and contains over 1200
m (3937 ft.) of uplifted sedimentary rocks in the central uplift block (Milstein, 1994, pg. 5).
12

Calvin 28 Oil Field Production History
Recent drilling and exploration has shown oil deposits in the central uplift area much
deeper than first expected. It was first believed that the structure contained oil reserves only on
the flanks ofthe central uplift structure. The center ofthe structure was believed to contain a large
gas cap (Harrison, 1998, p. 9). The area where the gas cap was believed to be was not drilled
below +177 ft (MSL). However, there are indications ofoil deposits in the Traverse Limestone
Formation at a depth of+190 ft (MSL), information obtained from the HA-1-28 test well data
(Harrison, 1998, p. 3 and oral communication).
The pay zone for the oil field is the Traverse Limestone Formation (Harrison, 1998, p. 4).
The Traverse Limestone formation is Middle Devonian in age (see Table 1), formed in part from
a shallow reefon the paleo-continental shelf, resulting in increased porosity. Recent estimations
suggest that are about 750,000 barrels ofrecoverable oil at the Calvin 28 field (Harrison 2005,
Oral Communication).
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CHAPTER3
METHODS
Resistivity and Induced Polarization (IP)
The Schlumberger brothers (Telford, et al., 1990) first recognized induced polarization
(IP) for mineral exploration in France in the 1930s. It was popularized and used extensively in
North America beginning in the 1950s (Marshall and Madden, 1959; Sumner, 1976). The
process uses any standard resistivity array containing four electrodes. Two ofthese electrodes (A
and B) inject a current, which is then abruptly shut off and the decay ofchemical energy storage
as a function oftime is measured (Telford, et al., 1990). The chemical energy storage ofIP is
dependant on changes from ionic to electronic conduction occurring at the grain boundaries of
metallic minerals such as pyrite (Telford, et al., 1990) where they contact pore electrolytes.
Metallic minerals will conduct the current electronically, while surrounding strata will conduct
the current through drifting ions, creating accumulations ofions at the mineral-pore interface. As
the current is abruptly turned off, the ions return to equilibrium (Telford, et al., 1990). This type
ofIP is called time domain IP, as the time it takes for the charged ions to return to equilibrium is
measured between the measuring non-polarizing electrodes (M and N). Ifthere is a sufficient
volume of disseminated sulfides within reach ofthe electrode array, this will show as an
anomalous area in our survey. These changes can be compared with surrounding areas that may
not contain metallic minerals. Unwanted spurious polarization effects can be caused from man
made metallic objects on or below the study area, such as grounded power lines (upper lightning
arrester), oil well casings, or grounded fences. Background polarization effects can be caused by
the presence ofclay minerals, which cause weak IP effects via a second mechanism, the
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membrane effect. This background effect generally remains very low and does not change
suddenly along the line. The grounded conductor effects however, show rapid lateral changes
and large IP effects, but can generally be correlated with visible features on the surface. IP is
electrochemical in origin, but is measured simultaneously with the resistivity (Telford, et al.,
1990). Both IP and resistivity methods are important in testing the hypothesis of a chimney model
for this area. The IP survey will give an indication of disseminated sulfides present in the local
system, signaled with a sharp increase in chargeability (M). Resistivity/IP profiles were done with
four electrodes, using the dipole-dipole array with a dipole "a" spacing of 20m. Dipole
separation factors of 1-4 were used, meaning the dipoles were successively separated by 20m,
40m, 60m, and 80m. This method allows gathering of data from progressively deeper levels in the
earth, while also measuring lateral changes.
Simultaneous with the IP survey, resistivity measurements are made with the same
electrodes arranged in a dipole-dipole array, in a straight line, and stepped forward at intervals
equal.to the "a" spacing. The "apparent" or "field" resistivity is calculated using the distance
between electrodes, the amount of current that is injected, and the voltage drop between the other
two electrodes (Telford, et al., 1990). Another method of resistivity is called vertical electric
sounding (YES) and commonly utilizes the Schlumberger array, where the distance between
electrodes is changed, but the midpoint is kept fixed. The electrodes expand outward about a
single point, giving the apparent resistivity at increasing current electrode separations, which
relates in a complex way with depth.
The resistivity and IP profile data were analyzed using the RES2DINV version 3.51
inversion program made by Geotomo Software (January 2003). This software inverts the
apparent resistivity and IP vs. electrode spacing to a 2-dimensional display of the interpreted
resistivity and IP (Griffiths & Barker, 1993). Inversion of the data is done through a smoothness
constrained least squares method (deGroot-Hedlin & Constable, 1990; Sasaki, 1992). This
method is based on methods from Loke (2001). This program divides the subsurface into finite
15

blocks or sections, and solves for an apparent resistivity subsurface model from the imported data
sets. A forward model is then calculated from that model and is then compared with the field
data. The subsurface resistivity model is then adjusted by moving boundaries and changing
resistivities, and another iteration of this process is done. When the program cycles through a
pre-determined maximum number of iterations, or when the fit between field and model falls
below a certain root-mean-square criterion, then the program ends (Loke & Barker, 1996).
A vertical electrical sounding (VES) was performed 165 meters west of Adams road and
40 meters north of the fence line. The current electrodes (A and B) expanded about this point in
logarithmically increasing spacing to a maximum AB/2 distance of 146 m. The Syscal R2
resistivity unit, with a power booster delivering a choice of 100, 200, 400, or 800 volts was used
for the resistivity profiles and YES. The YES data were analyzed using the SCHLINV6 inversion
program (Modified by William A. Sauck from the program made by Merrick, 1977). This
program inverts apparent resistivity vs AB/2 to interpreted (true) resistivity as a function of depth
via an iterative process, adjusting the model and calculating a forward solution to compare with
the field data. The curved line is plotted on a log resistivity/log AB/2 scale, and changes in the
slope of the VES curve indicate a change in resistivity. Crosses along the profile indicate field
data points, and the continuous curve is calculated by the inversion program to fit the field points.
Spontaneous Potential (SP)
The spontaneous potential method works by measuring the strength of the Earth's electric
potential without applying any current. One of the several mechanisms to produce SP is the
mineralization potential, often caused by the presence of sulfide grains or massive sulfides in the
shallow subsurface (Telford, et al., 1990). Besides the mineralization potential, other mechanisms
are known, such as chemical concentration potentials, diffusion or streaming potentials,
thermoelectric potentials, and others which-can also produce SP effects. Mineral potential change
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is common around sulfide deposits possibly because of oxidation-reduction reactions, and can be
detected with a Spontaneous Potential survey.
The process of migrating petroleum hydrocarbons precipitating pyrite grains to form a SP
anomaly near or above an oil reservoir is referred to as a "chimney effect" (Gordon, 1989).
Anomalous spontaneous potential anomalies have been observed in Albania and show negative
differences with magnitudes ranging between 20--100 mV (Frasheri, 2002). Spontaneous
potential anomalies over syngenetic gas reservoir areas are not normally detected, but in some
cases have shown anomalous SP readings of -20 to -30 mV (Frasheri, 2002). One of the other
rare mentions of SP used in this application is in the Chinese literature (Yingjun and Xuben,
1991), but the English abstract does not reveal the polarity or size of the anomalies. The
existence of faults in the region of hydrocarbon reservoirs causes anomalous secondary
mineralization zones with greater concentration than areas without faulting, as faults and fractures
make the most permeable pathways for migrating hydrocarbons (Eventov, et al., 2000, p. 490).
Eventov et al. (2002) was based on magnetic methods in exploration, but the concept of migrating
hydrocarbons through macroseepage in faults, or microseepage through pore spaces, applies to all
the shallow indicator methods of oil exploration. The Calvin 28 oil field contains faults and has a
known petroleum hydrocarbon reserve. If the chimney model hypothesis applies to this area, SP
might be a useful method of detecting it.
The anomalous zones from an SP survey can be represented by a uniformly polarized
body if the subsurface is homogeneous (Ram Babu, 2003). A negative Spontaneous Potential
Anomaly would support the hypothesis that a reducing environment is present as a result of
migrating petroleum hydrocarbons diffusing and reacting with iron and sulfur in the soil to
precipitate pyrite grains.
The SP data were corrected for drift in Microsoft Excel, and plotted in map form using
the Kriging grid method in the Surfer program to interpolate between survey lines. Individual
survey lines were also plotted with the Grapher program, as well as areas of special interest such
17

as an oil well casing, and Adams Road effect on SP. All survey lines were linked to the base
stations. Figure 5 shows a sketch of the SP electrodes used in the study, and Figure 6 shows the
SP survey in progress. The moving electrode was connected via wire to the positive terminal of a
voltmeter, and the negative terminal connected to the wire reel linked to a base station. Secondary
base stations were placed along the survey lines and intersections.

Spontaneous Potential
Electrode

PVC Plastic
Cap

Saturated
CuS04
Solution

Wood Tip

Figure 5. Diagram of the Spontaneous Potential Electrodes Used in this Study.
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Figure 6. Photograph of SP Survey in Progress, Calvin 28 Oil Field, July 2004.
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CHAPTER 4
SURVEY RESULTS
Vertical Electric Sounding Test (VES)
The VES was performed in the field containing the HA-1-28 test well (for geographical
survey location, see Figure 3; VES survey results, see Figure 7), in May 2003. This was to
provide a basis for interpreting subsequent resistivity profiles, and to determine how deep into the
subsurface it could resolve, as well as to measure the resistivity of the strata and depths from the
surface to the top ofeach layer. The results yielded a 4-layer sequence at the center ofthe Calvin
28 Oil Field that, however, did not penetrate to the bottom ofthe glacial deposits (Figure 8). The
model was able to resolve electrical boundaries to depths ofjust over 60 m, when using a
maximum distance between current electrodes of292 meters.
The first interpreted layer is 0.56 m thick and shows a resistivity of340 Ohm-m. This
layer is most likely the top soil. The high resistivity could be due to dry soil derived from the
glacial drift. The second layer yielded by this inversion model shows a thickness of7.66 m and is
lower resistivity (104 Ohm-m). This layer is probably a sandy clay, but because ofthe high clay
content, the water table (which should be about 3 to 5 meters deep at this location) is not apparent
as a separate boundary, but is masked by the low resistivity layer. The third layer is a little over
52m in thickness and has an interpreted resistivity of906 Ohm-m. This layer's higher resistivity
suggests a very coarse grained, homogeneous glacial layer, most likely coarse gravel. The fourth
layer does not have an interpreted thickness, but the top is located about 60 m meters below the
surface. The resistivily of this layer is 14 Ohm-m, making it the most conductive layer in the
model; it is interpreted to be a clay layer within the glacial cover. Data from the oil well logs
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(Figure 8) show that the area of the resistivity, IP, and YES field line (Line 1) contains a glacial
cover of approximately 105m (Hawkes Adams 1-28 Well Data). The YES inversion results put
the top of the clay-rich glacial layer at about 60 m.
The thickness of glacial drift is quite variable in this region, and knowing the thickness of
this layer at control points such as wells is important in understanding the results of other
geophysical surveys in the area. At the location of this YES survey, there appears to be about 105
meters of glacial drift, underlain by the Coldwater Shale Formation. The field data in the YES
survey fit the inversion model to an RMS difference, or potential error, of 0.44%, indicating a
smooth field curve.
Resistivity and Induced Polarization (IP) Horizontal Profiling
Resistivity and Induced Polarization (IP) surveys were performed simultaneously along
Line 1 (highlighted red on Figure 3), with the aforementioned equipment. The survey started at
40N, OE, and ended at approximately 40N, 1,120 meters east, about 180 m from Adams Road
(Figures 3 and 9).
The resistivity and IP profiles showed several areas of interest. The resistivity values
throughout the survey are generally low just below the surface; increasing significantly at the
mid-levels of the profile, and then decrease again at depth. This zone of high resistivity is
calculated by the inversion (RES2DINV, Loke and Barker, 1996) to be between 10 and 25 meters
below the surface (32.8 - 82 ft). This high-resistivity layer corresponds to layer 3 of the YES
curve (see Figure 7), and is laterally continuous throughout the Line 1 survey (see Figure 9). Note
that the inversion results are draped beneath the topographic profile.
The USGS monitored ground water levels at a dedicated well near this area from 1946 to
1992. The water table level has consistently remained between approximately 14.3m (47 ft) .an4
16.3m (53 ft) at a site located close to our study area; Latitude 41 deg 46'50", Longitude 85 deg
57'55" which is located within the 7.5 minute Adamsville Quadrangle map
23
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Figure 9. Resistivity and IP Profile Inversion Results of Line 1. (For exact location see Figure 3.)
Note: Model created with the RES2DINV Program (Loke and Barker 1996)

960

(http://nwis. waterdata.usgs.gov). The layers of lower resistivity above the zone of high resistivity
contain values ranging from 300 to I000 Ohm-m. The water table data indicates that the local
water table may be contained within the central zone of highest resistivity. Bedrock in this area is
shown by drill logs to be approximately 105m below the surface. Our profiles resolved
stratigraphy to a depth ofjust over 60m, indicating that the clay rich layer at that depth is not
Coldwater Shale, but a clay layer within the glacial cover.
The IP profile (Figure 9) shows a regional background chargeability trend of2.5-5 mVN
throughout the profile except for the first 150 m of the survey, an anomalous region that contains
a chargeability range of 6-8.5 mVN. The apparent resistivity profile (not shown) shows an
inverted "V" structure, a pseudosection display artifact of the dipole-dipole array that spreads
with depth originating from a point source on or near the surface at the east end of Line I (just
east of Om E, Om N). The apex of this pattern corresponds to the position of a power line running
parallel to Lamb Road (see Figures 3 and 9 for the location of the line and Lamb Road) and
perpendicular to Line I. This power line, supplying nearby oil well pumps, has an upper
lightning arrester wire that is grounded at each post. This has the same effect on the
Resistivity/IP survey as a bare metal cable buried along the route of the power line. The
resistivity results are interesting because there is a central layer that has consistently higher
resistivities and decreases above and below this zone at elevations between 245 and 265m ASL.
Figure IO shows us that the water table varies significantly (because topographic relief is
considerable this water table is most likely perched in this area). Resistivity and IP results did not
yield any direct evidence to support the hypothesis of disseminated sulfides in that area, altho•
surveyed over a very small section of the study area and may not be contingent of the rest of the
study area.
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Spontaneous Potential (SP)
The most complete and informative survey at Calvin 28 Oil Field was the spontaneous
potential (SP) survey. The Spontaneous Potential survey lines covered a majority of the impact
structure. Profile lines were North-South and East-West, symmetrically spread around the center
of the impact structure, the HA-1-28 test well, and extendingjust past the outer rim. Locations of
survey lines were shown on Figure 3. Additionally, the SP effect of a vertical steel oil well casing
was explored (Figure 11), as well as the effect of unknown material beneath Adams Road on field
line 4 (Figures 12 and 13). Survey data were corrected to datum 0 millivolts at location 40N, OE,
averaged, and plotted as spontaneous potential profiles (Figures 12 and 17 through 23).
All SP data were then compiled and plotted as a post map, as well as three and five point
average spontaneous potential contour maps to smooth the SP measurements (Figures 14, 15, and
16). The Calvin 28 Oil Field contains many oil wells that produce a predictable negative SP
anomaly that decreases rapidly as a function of distance. This detailed survey around a well
indicated that the disturbance due to the well was less than 4 mV at a radial distance of about 80
meters from the well casing (Figure 11). A positive SP anomaly occurring near the north end of
Line 4 at 300S (Figure 12) was believed to be ab artifact of buried metal under closely paralleled
Adams Road. A separate detailed SP profile was done across the road, perpendicular to Line 4
(Figures 12 and 13), to prove or disprove this hypothesis. Further sbtith, Line 4 shows a typica1
SP range for the region with the lone exception being the large negative anomaly located at 550S.
This is due to an oil well casing located to the west of the profile. It is known that disserrlihated
mineralization of porphyry copper sulfides produces a negative SP effect when compared to the
surrounding non-mineralized areas (Corry, 1985). That eilvitonment is completely di:ffetent from
the chimney model e.dvironment, but it is perhaps useful to compare the results of the Calvin 28
oil field with SP surveys over known sulfide deposits, such a.s the porphyry coppers. Studies
have shown SP effects over buried sulfide deposits in the western United States with amplitudes
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100-600 mV more negative than the average regional SP values (Corry, 1985). The first study in
Battle Mountain, Nevada showed sulfide deposits with an average SP effect of 100 mV more
negative than the surrounding region, the second in Arizona showing sulfide SP readings of600
m V more negative than the surrounding region (Corry, 1985).
The Calvin 28 Oil Field shows an SP range ofabout 70 mV. The regional SP appears to
be near zero (value at the arbitrary base station). This average was determined after artificial
effects were removed from the SP profiles. Results from SP horizontal profiles show that the
northwest, as well as the northeast regions ofthe study area contain anomalous zones similar to
that ofFrasheri (2002). These areas show a potential between 25-60 mV more negative than any
other area in the study. There are several anomalous areas in the survey that recorded negative
SP anomalies that can be explained by SP effects from roads, power lines, fence lines, and oil
wells in close proximity. These cultural features are labeled on the profiles. These localized
anomalies must not be mistaken for the negative SP effect created from a reducing environment
in the subsurface, which should be a broader pattern. The areas in the northwest and northeast
comers ofthe study area may be a result ofthis effect.
An average SP range for this area appears when anomalies attributed to artificial artifacts
are removed. Lines 1 and 2 (Figure 17) show an SP range that falls within the survey area average
of- 15 mV to -5 mV, with 2 positive anomalies believed to be artifacts ofcrossed fence lines and
an unpaved road. The anomaly present at -750E is most likely the effect ofwire fences, which
commonly mark property lines or separate fields in the study area. The second, at OE, occurs at
the crossing ofLamb Road, an unpaved road. Not all roads produce SP anomalies, in our case we
found that it was most likely that old property line fences could possibly be buried in the base of
this road, creating the SP anomaly. With these artifacts aside, Lines l and 2 show no broad SP
anomalies that would indicate evidence ofsulfide dissemination.
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The north end ofLine 3 contains SP values that are on the low end ofthe regional
average (Figure 18). The two anomalies toward the south end ofthe line could be a bioelectric
effect from the heavy vegetation that part ofthe survey traversed.
Line 5 was the longest profile in our study, stretching over 3,000 m, crossing the entire
study area in an east-west direction (Figure 19). The other areas containing SP spikes in the
survey line are attributed to several fence Jines, the crossing of Calvin Center Road, and close
proximity to an oil well. With these artifacts discarded, this SP profile shows a more negative

trend to the east side ofthe field, correlating with the results ofLine 7 (Figure 22) to make the
northeast section ofthe study area the most negative SP anomaly in the study.
There is a large negative SP anomaly located along Line 9 at 281E. This large negative
anomaly is due to the Bowers 4-32 well, and additional N-S lines were run to bracket this well to
better investigate its effect on the SP (see Figure 3 for location; Figure 11 shows the contour map
ofthe well casing anomaly, and Figure 20 shows the profile ofLine 9). This documentation ofthe
effect ofoil well casings on the SP survey, and what distance was sufficient to avoid the
unwanted negative SP, was another contribution ofthis study. A typical well-head and pump is
shown on Figure 21. As mentioned earlier, at a distance of80m from this well, the effect was
reduced to less than 4mV.
Aside from the artifact which is believed to have been caused by the close proximity of
Line 9 to the Bowers 4-32 well, the smoothed SP values ofthis profile are not anomalous when
compared to the rest ofthe study area.
The Line 7 profile indicates that the northeast comer ofthe Calvin 28 Oil Field has large
negative SP anomalies, similar to the northwest comer ofthe study area. Neither ofthese broad
negative SP anomalies can be explained by man made surface features (Figure 22). Artifacts
from crossing a road, and close proximity to the Lawson 1-28 well may ex-plain the spikes in SP
for the southern end ofthe line. The rest ofthe line, from 600-l 200m, indi:cated a steady SP
value range of-30 to -40 mV. This value represents a 10-25 mV more negative anomaly when
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compared to the average range of the surveyed area. There are no artificial surface features
visible that would produce a consistently negative SP anomaly for 600 m along the line.
Line 8 runs south to north and is located on the western third of the study area, this
profile is just over 2,000 m and stretches from the southern end of the central uplift block to the
northern end (Figure 23). The south and central sections of the line show no significant
anomalies. The northern third of the profile shows a negative· SP trend. Some smaller anomalies
in the south and central areas of the line are believed to be artifacts of fence lines and close
approach to a well.
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CHAPTERS
DISCUSSION AND CONCLUSIONS
The spontaneous potential survey was the most important, largest, and complete survey
done in this study. The northwest and northeast comers of the study area (see Figures 16 and 17)
contain anomalous SP results similar in geometry to the results in Frasheri (2002) that show a SP
effect around areas of petroleum reservoirs.
The study area is blanketed by a thick layer of glacial overburden that has been deposited
within the last twenty thousand years. Because of the conductive, clay-rich layers in the glacial
overburden, the SP survey results do not show a sharp contrast with the surrounding background
SP. The results of the Spontaneous Potential show two areas that are somewhat more negative
than the rest of the study area. However, they are somewhat subtle or low in amplitude. This
may imply that there has not been sufficient time since deposition of the glacial cover to
precipitate a significant volume of pyrite in the drift. These areas show evidence that the
sediments above the Calvin 28 oil field might contain disseminated sulfides, compatible with the
chimney model. Direct sampling of the drift and examination for the presence and abundance of
pyrite is needed. These areas did not show SP amplitudes as dramatic as porphyry copper
surveys (Corry 1985) in the western United States. SP profiles done a few thousand meters north
of this study area (and tied to the same base) could help support the hypothesis that the Calvin 28
oil field has disseminated sulfides present in the shallow subsurface if they show typical near-zero
background effects. Another more definitive test would be to do Induced Polarization along these
anomalously negative SP profiles.
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The Vertical Electrical Sounding inversion results provided apparent resistivities,
defining the upper 60 meters of glacial overburden near the east end of Line 1. The YES allows
some correlation with the long resistivity /IP profile. Glacial deposits in this area can vary greatly
in thickness and data from oil well and water well logs were fundamental for providing control
points for that variable (see Figure 8). As the water table was not defined by the resistivity
methods (masked by a conductive layer bracketing the water table), data from water well logs
were necessary to understand that variable (see Figure 10).
The multi-spacing resistivity profiling and the YES inversion results show low resistivity
layers above and below this layer of high resisitivity (see Figure 9). IP results do not show areas
of anomalous chargeability. Further studies of the IP in this area are needed to make conclusive
interpretations. YES, IP and resistivity profile inversion results, representing a small portion of
the study area, produced no direct evidence of disseminated sulfides in this area.
There is some SP evidence to support the chimney model, even though the SP results
were more subtle than in other producing fields where SP anomalies were reported (Frasheri,
2002). The limited use ofVES gave a better understanding of the upper glacial stratigraphy over
the central uplift block of the impact structure. More resistivity, IP, YES and SP surveys focused
on the northwest and northeast sectors of the field could help to further support the reducing
chimney hypothesis.
This study produced some positive evidence that electrical methods in geophysics,
especially SP, can assist in detecting disseminated sulfides above an oil reservoir in an
environment of recent glacial cover. However, the results are not definitive or conclusive without
further work.
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Appendix
Corrected SP Field Data
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Note: A compact disc containing appendix data is on file at the Graduate College. A

copy of the CD and/or hard copy of the data is available from the author upon
request.*

* Appendix data files are included in this version of the thesis
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